This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


THIS PAGE BLANK (uspto) 


4: 


' Europaisches Patentamt 


<§) Alll European Patent Office ® Publication number: 0 275 119 


A? 

Office eur peen d s brevets r ^ c ^ 


@ EUROPEAN PATENT APPLICATION 


<£j) Application number: 88100528.4 © Int. CI. 4 : G 01 N 35/04 

© Date of filing: 15.01.88 


@ Priority: 16.01.87 JP 7555/87 

© Date of publication of application : 
20.07.88 Bulletin 88/29 

@ Designated Contracting States: DE FR GB NL 

i 


@ Applicant: MITSUBISHI CHEMICAL INDUSTRIES 
UMrTED 

5-2, Marunouchl 2-chome Chlyoda-ku 
Tokyo 100 (JP) 

@ Inventor: Nohso, Hidenori 
24-6, Mtyakodai 1-chome 
Kamisocho Kakogaws-ehl Hyogo-ken (JP) 

@ Representative: Patentanwilte TER MEER - M0LLER 
STE1NMEISTER 
Mauertdrcheratraase 45 
D-8000 MUnchen 80 (DE) 


© Automatic sampling apparatus. 


@ In an automatic sample supply apparatus which holds a 
plurality of sample vessels (12) in a waiting station (20) in a 
matrix pattern comprising a plurality of rows of sample vessels, 
sends out the sample vessels in the front row laterally one by 
one to a sampling station (200), returns the sample vessels 
which have finished the required treatment to the waiting 
station, and advances the sample vessels in the rearmost row in 
the waiting station collectively as a whole by one step 
corresponding to one row when all the sample vessels In the 
front row of the waiting station have been sent out, a suction 
needle for drawing up the sample in a sample vessel which can 
penetrate a rubber stopper secured to the sample vessels is 
employed. 
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Description 


AUTOMATIC SAMPLING APPARATUS 


This invention relates to an automatic sample 
supply apparatus which sequentially supplies to and 
returns from a station for analysis or other treatment 5 
a plurality of sample vessels such as test tubes. 
More particularly, this invention relates to an auto- 
matic sample supply apparatus as mentioned above 
in which rubber-stoppered sample vessels can be 
used and samples therein can be drawn out by as 10 
suction needle means with the rubber stopper 
retained in position. In this specification, the term 
"sampling" means drawing out liquid test samples 
from sample vessels and supplying the the samples 
to an analytical apparatus, for example a vessel for 15 
analysis such as an optical cell. 

U. S. Patent No. 4,518,264, for instance, discloses 
an automatic sample supply apparatus which se- 
quentially supplies to and returns from a station for 
analysis a plurality of sample vessels such as test 20 
tubes. In this appartus, a plurality of test tubes 
respectively accommodated in a magazine are 
arranged in a waiting station, forwarded to a stirring 
station one by one, and then the empty vessels are 
returned to the waiting station after the analysis or 25 
other treatment has been finished. 

In this known automatic sample supply apparatus, 
a plurality of test tubes are arranged upright in a 
matrix pattern comprised of a plurality of rows of 
sample vessels in a waiting station. The waiting 30 
station is provided with a means which advances a 
row of sample vessels as a whole in the direction of 
the column one row at a time and a means which 
feeds test tubes in the front row laterally one by one 
to a sample transfer means through an outlet gate 35 
provided at one end of the front row, said sample 
transfer means transfering the sample vessel to a 
stirring station. The waiting station is further pro- 
vided with an inlet gate for sample vessls at one end 
of the back row in the waiting station, via which 40 
emptied sample vessels are returned. 

Each sample vessel sent out of the outlet gate of 
the waiting station is transfered to a stirring station 
by a transfer means, and the sample is stirred. After 
the sample has been stirred, the sample in the vessel 45 
is transfered to an analysis station by a suction tube 
which is inserted into the test tube for drawing up 
the sample, said suction tube being operated by the 
orders from the analysis station. 

The suction tube is then withdrawn and the empty 50 
sample vessel is returned to the vicinity of the outlet 
gate by the transfer means, and is then passed 
through the inlet gate to the back row in the waiting 
station by a sample-forwarding means. 

Such known apparatus is characterized in that the 55 
test samples can be stirred one by one, and 
therefore all the samples can be analyzed under the 
sam conditions. 

However, said apparatuses are not satisfactory 
because the samples vessels must be kept open so 60 
that a suction tube can be freely inserted therein, 
and therefore the samples are susceptible to 
contamination, deterioration, drying, etc. in such an 


apparatus. Usually, a large number of samples are 
placed in the waiting station at a time. Therefore, 
after they have been arranged in the waiting station, 
some samples must wait for one hour to one and half 
hour before they are subjected to analysis, during 
which time they are exposed to the atmosphere and 
thus they are exposed to the atmosphere and thus 
may suffer the above-mentioned undesirable influen- 
ces. Moreover, samples which readily vaporize or 
give off toxic fumes cannot be handled by these 
apparatuses, because the stoppers must be kept 
removed. 

This invention provides, in an automatic sample 
supply apparatus which holds a plurality of sample 
vessels in a waiting station in a matrix pattern 
comprising a plurality of rows of sample vessels, 
sends out the sample vessels in the front row 
laterally one by one to a sampling station, returns the 
sample vessels which have finished the required 
treatment to the waiting station, and advances the 
sample vessels in the rearmost row in the waiting 
station collectively as a whole by one step corre- 
sponding to one row when all the sample vessels in 
the front row of the waiting station have been sent 
out, an improved apparatus which is provided with a 
suction needle for sampling the sample in a sample 
vessel which can penetratre a rubber stopper 
secured to the sample vessels. 

In the automatic sample supply apparatus of the 
present invention, sample vessels are taken out one 
by one from one end of the front row of samples in 
the waiting station, shaken by a stirring device if 
necessary, and thus the sample is stirred, and drawn 
by a suction needle which is inserted into a sample 
vessel through the rubber stopper. After the needle 
is withdrawn, the vessel is returned to the back row 
in the waiting station. When all the vessels in one row 
have been sent out, the next row of sample vessels 
is advanced as a whole, and sample vessels in this 
next row are sent out. 

In an aspect of the present invention, the suction 
needle is provided with a stopper means which 
prevents the sample vessel the rubber stopper of 
which is held by the suction needle from being lifted. 

In another aspect of the present invention, the 
suction needle has a suction holes or holes on the 
side thereof. 

In still another aspect of the present invention, the 
apparatus is combined with a device for stirring the 
samples. 

Now the invention will be described in detail with 
regard to a specific embodiment with reference to 
the attached drawings. 

Fig. 1 is a plan view of the automatic sample 
supply apparatus of one embodiment of the present 
invention. Fig. 2 is a partial plan view of the apparatus 
illustrating the movement of the sample vessels in 
the apparatus. Fig. 3 is an enlarged plan view of the 
main part of the apparatus excepting showing part of 
the underside of the supporting plate. Fig. 4 is a plan 
view of the main part of the apparatus und r the 
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supporting plate illustrating the internal structure. 
Fig. 5 is a cross-sectional view along the line V-V in 
Fig. 4. Fig. 6 is a cross-sectional view of th hold r 
along th line VI-VI in Fig. 4. Fig. 7 is an enlarged side 
view along the line VII-VIl In Fig. 4. Fig. 8 is a partially 
cross-sectional side elevational view of the sampling 
device. Fig. 9 is a side elevational view of a suction 
needle. Fig. 10 is a cross-sectional view of the 
suction needle along the line X-X in Fig. 9. 

The embodiment described hereinafter repre- 
sents an apparatus which holds 100 sample vessels 
(test tubes) , i.e., samples taken from 100 persons for 
instance, in an arrangement marshalled in a waiting 
station, forwards them to a stirring station, and 
returns them to the initial waiting station. The term 
"sample vessel' used hereinafter means a vessel 
such as a test tube with its magazine whether it 
contains a sample such as blood or not. 

The automatic sample supply apparatus of this 
embodiment generally comprises a supporting plate 
1 1 on which a waiting station 20, a send-out device 
30, a sample-transfering device 50, a sample-for- 
warding oevice 90 and a sampling device 200 are 
provided as shown in Fig. 1 . A sample-stirring device 
130 is used in combination with this apparatus. The 
supporting plate 1 1 is supported on a base plate 9 
via pillars 8 as shown in Figs. 5 and 7. 

Before the structure of the apparatus is described 
in detail, the flow of sample vessels which are moved 
by various devices of the apparatus is explained by 
way of Fig. 2. 

One hundred (100) sample vessels are marshalled 
in a 10x10 matrix pattern in a waiting station 20. A 
row of the sample vessels can be moved as a whole 
in the direction of arrow CD . At the front row, the 
sample vessels are sent out leftward (in the direction 
of arrow ©) one by one. Each sample vessel sent 
out is transfered to a stirring station (swinging 
device) 130 by means of the sample-transfering 
device 50 (in the direction of arrow ®). After the 
sample is stirred in the stirring station 130, the 
sample vessel is returned to the outlet gate of the 
waiting station (in the direction arrow © ). Here, a 
suction needle is inserted into the sample vessel 
penetrating through the rubber stopper and the 
sample liquid is drawn up. After the suction needle Is 
withdrawn, the sample vessel is returned to the back 
row of the waiting station (in the direction of arrow 
©). 

Now the details of each component will be 
explained below. 

On the supporting plate 11, rectangular side wails 
21a *V 21 d provide a waiting station receiving 100 
sample vessels 12 arranged in a 10x10 matrix. The 
sample vessels in the front row (uppermost row in 
Fig. 1) in the waiting station are sent out laterally by 
means of the send-out device 30 on an intermittent 
basis one vessel at a time. 

The main structure of this send-out device 30 is 
housed in a box provid d und m ath the supporting 
plate 11 as shown in Fig. 4. The send-out devic 30 
has a screw r d 31, which is pr vided in parallel with 
th front row of the matrix of the sample vessels 
near the edge of the supporting plate 11. The two 
ends thereof are provided with spindles (not coded), 


which are rotatabjy supported by bearings 32a and 
32b. The right side end spindle is provided with a 
cogged wh el 33a, which mesh s with an idle gear 
33b. This idle gear 33b meshes with anofther gear 
5 33c t which is secured to the driving shaft of a motor 
34. To the gear 33c Is secured a disk 35, which is 
provided with a protrusion 36 on thr periphery 
thereof. The bearing 32a, gear 33b and the motor 34 
are supported by a bracket 46, and the bearing 32b 
10 is supported by a bracket 47, This apparatus is 
provided with a control means, which is operated by 
the user. When the analytical apparatus is ready and 
the user actuates the control means, the driving 
motor 34 is actuated. In the vicinity of the disk 35, a 
15 limit switch means 37, which is turned off by the 
contact with the protrusion 36, is provided. When the 
gear 33c which is rotated by the motor 34 makes one 
revolution and the protrusion 36 of the disk 35 
presses the limit switch 37 to stop the rotation of the 
20 motor 34, the screw rod 31 consequently rotates by 
the degree determined by the gear ratio of the gears 
33a, 33b and 33c. 

The screw rod 31 is provided with a slide-piece 38 
engagedly mounted thereon. A supporter 39 having 
25 a recess avoiding the boss 31a provided in the 
slide-piece 38 is secured to the slide-piece 38 as 
shown in Figs. 4 and 5. A guide rod 40 is provided in 
parallel with the screw rod 31 near the edge of the 
supporting plate 11. The supporter 39 is supported 
30 and guided by this guide rod 40 through a hole 41 
provided therein. The upper end of the supporter 
extends to the upperside of the supporting plate 11 
and forms an arm 43, which extends on the surface 
of the supporting plate 11 through a slit 22 provided 
35 in the side wall 21 b of the waiting station over almost 
all the length thereof. A push-rod 42 is secured to 
the arm 43 of the supporter 39 on the upperside of 
the supporting plate 11. 

The slide-piece 38 is provided with a protrusion 44 
40 at the bottom thereof, which presses limit switch 
contacts 45a and 45b provided at the starting 
position and the end position of the slide piece 38. 
Thus, when the screw rod rotates, the push-rod is 
moved so as to send out sample test tubes one after 
45 another through the outlet gate 24 out of the waiting 
station 20. 

The sample test tube thus sent-out is received by 
a sample holder 51 of the sample-transfering device 
50 (Fig. 3). The holder 51 is illustrated in Fig. 6, which 

SO is a cross-sectional view along the line VI-VI in Fig. 4. 
The holder 51 is a U^shape piece comprising a pair of 
confronting walls 52a, 52b and a bottom 52c, and the 
upper end and the other confronting sides 51 A are 
open. This holder 51 is swingably supported by a 

55 supporting member 54 secured to a supporting rod 
58 (described in detail later) by means of a horizontal 
pivot 53 secured to one of the wails 52b. 

The open sides 51 A of the holder 51 are closable 
by means of a protective cover 55, which has a 

60 U-shaped horizontal cross ction and is mounted 
on the holder 51 so as to encompass it. The 
protective cover 55 is merely for pr v nting a test 
tube held in the hold rfrom dropping therefrom and 
has a length f slightly longer than half the height of 

655 the hold r. A small screw rod 56 is secured to the 
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side wall 52b of the holder, on which the protective 
cover 55 is freely mounted through a hole 55A 
provided therein, being pressed toward said side 
wall by means of a coil spring 57 mounted on said 
small screw rod held by a head member thereof. 
Thus the protective cover is biased to take a position 
to close the openings 51 A of the holder 51 . The 
supporting member 54, which pivotably supports the 
holder 51 by means of a pivot 53, is secured to a 
supporting rod 58 at the lower end thereof. The 
supporting rod 58 extends under the supporting 
plate 11. 

The supporting rod 58 can be moved forward and 
backward along its longitudinal axis. As shown in 
Figs. 1 and 3, an indentation 11a is provided in the 
edge of the supporting plate 1 1 at a position close to 
the outlet gate 24 of the waiting station 20, and the 
holder 51 can freely enter therein and retired 
therefrom. When the holder 51 is completely re- 
ceived in the indentation 11a, the holder can receive 
a sample vessel (sample-receiving position). The 
width of the indentation 11a is approximately equal 
to the width of the holder 51. Therefore, when the 
holder 51 enters the indentation 11a, the protective 
cover 55 cannot enter the indentation 11a detained 
by the edge of the opening of the indentation 11a 
and thus the protective cover 55 is disengaged from 
the holder 51 pressing the coil spring 57. That is, the 
holder 51 is opened. 

The holder 51 is designed so that the inside 
bottom surface 52c is at the same level as the upper 
surface of the supporting plate 1 1. Also, the depth of 
the indentation 1 1a is defined so as to correspond to 
the width of the openings 51 A of the holder and the 
width of the outlet gate 24. 

The supporting rod 58 extends passing through a 
bore 60 of a guide piece 59, which is secured to the 
base plate 9 as shown in Fig. 7. To the other end of 
the supporting rod 58 is secured a slide piece 62, 
which is slidably engaged with a first and a second 
guide rod 64a, 64b. In the vicinity of each end of 
these guide rods 64a, 64b, a timing pulley 65a, 65b is 
provided as shown in Fig. 4 and 7. The pulley 65a is 
secured to the driving shaft of a motor 66, and the 
pulley 65b is rotatably supported by a bearing 68, 
which is mounted on brackets 67a, 67b. A timing belt 
69 having cogs on its inside surface is set up 
between the two timing pulleys 65a, 65b, and the 
above-mentioned slide piece 62 is secured to the 
upper side of the belt 69. Therefore, when the motor 
66 rotates positively and reversely, the slide piece 62 
moves forward and backward along the guide rods 
64a, 64b, and thus the supporting rod 58 makes 
reciprocal motion. 

By this movement of the supporting rod 58, the 
holder 51 stops at two positions, that is, a position 
where the holder 51 is received in the waiting station 
and receives or delivers a sample vessel sample-re- 
ceiving position) and another position where the 
sample is stirred before sampling. In order to stop 
the holder 51 at the two positions, two limit switches 
79, 81 which control the motor 66 are provided and 
the slide-piece 62 is provided with a protrusion 82 
which presses the contacts of the limit switches 79, 
81. 


When the stirring of a sample is finished and the 
sample vessel is returned to the sample-receiving 
position and the sample is drawn out, the sample 
vessel is returned to the back row in the waiting 
5 station by means of the sample-forwarding means 90 
(a first sample forwarding device and a second 
sample-forwarding device). This sample-forwarding 
device includes a return passage 91, which is 
provided on the upper surface of the supporting 
10 plate 11 and defined by side walls 92, 93 provided 
along the side wall 21a 

The front end of the wall 92 defining the return 
passage 91 does not reach the sample-receiving 
position and forms a port 94 confronting the outlet 
15 gate 24 (Fig. 3). The rear end of the return passage 
91 turns at a right angle toward the waiting station. 
The rear ends of the side wall 92 and 93 do not reach 
the side wail 21 d, and a second port 95 and an inlet: 
gate 25 are formed. 
20 The empty sample vessel placed in the sample-re- 
ceiving position is moved to the port 94 of the return 
passage. The sample vessel placed in the front end 
of the return passage 91 is pushed toward the back 
row in the waiting station one vessel at a time by 
25 means of a first sample-forwarding device 96. 

The first sample-forwarding device 96 has a 
push-arm 97 which extends to the return passage 91 
through a horizontal slit provided at the front end of 
the side wall 93 (integral with side wall 21a). The 
30 waiting position of the push-arm 97 is at the side wall 
21b so as not to prevent the entry of the sample 
vessel into the return passage 91 as shown in Fig. 3. 
The base end of the push-arm 97 is secured to an 
end of an operation rod 98 provided on the other 
35 side of the side wall 93 from the return passage 91 in 
parallel therewith slidably supported by a guide- 
piece 101 which is secured to the supporting plate 
1 1 . The other end of this operation rod 98 is pivotably 
connected to an end of an operation lever arm 99, 
40 which is arranged approximately at a right angle and 
pivotably secured to a vertical pin 99a. A cam disk 
107, which is driven by a motor means (not shown), 
is provided in the vicinity of the operation lever arm 
99, and comes into contact with a roller 100 which is 
45 rotatably secured to the underside of the operation 
lever arm 99. The cam disk has a straight line recess. 
The operation lever arm 99 is operated by these cam 
and roller. 

Fig. 3 shows the first sample-forwarding device 96 

50 including the operation lever 99 when the push-arm 
97 is in the waiting position. The operation rod 98 
slidably supported by a guide-piece 101 is energized 
by a coil spring 102 mounted on said rod between 
said guide piece 101 and a flange provided on the 

55 rod as to tend toward the front end. When the cam 
disk 107 moves the operation lever arm 99 rearward, 
the push-arm 97 is moved rearward and the sample 
vessel placed in the front end of the return passage 
91 is moved rearward. 

60 Nearth back row in the waiting station, a second 
sample forwarding device 103 is provided. The 
device 103 comprises a disk 108 driven by a motor 
(not shown), a crank arm 104 pivotably and excentri- 
cally connected to the disk 108 at one end, a rod 105 

65 pivotably connected to the other end of the crank 
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arm 104, and a push-piece 109 secured to the end of 
the rod 105 and a gude-rail 110 which guides the 
reciprocal motion of the rod 105. 

The motors driving the cam disk 107 and the disk 
108 are intermittently actuated so as to stop per 
every revolution. The rotation of the motors is 
controlled by limit switches provided in the vicinities 
of the cam disk 107 and the disk 108 the contacts of 
which are pressed by protrusions provided on the 
underside of the cam disk 107 and the disk 108 
respective ly. 

The capacity of the return passage 91 is such that 
all the sample vessels placed in a row in the waiting 
station can be received. The empty sample vessels 
are returned rearward by the first sample-forwarding 
device 96 by the sample vessels being consecutively 
marshalled in the return passage and further 
returned to the back row in the waiting station by the 
second sample forwarding device 103. The front row 
becomes empty when its last sample vessel is 
received by the holder 51. Then the back row is put 
forward as a whole by means of a collective 
sample-forwarding device 120. 

The collective sample-forwarding device 120 com- 
prises a push plate 121 which Is a part of the side 
wall 21 d and a handle piece 122 secured to the 
push-plate 121, which is secured to a slide-piece 124 
exposed from an opening 123 provided in the 
supporting plate 11 as shown in Figs. 3 and 4. The 
slide-piece 124 is slidably mounted on two rods 
126a, 126b, which are secured to the supporting 
plate 11 by means of a bracket block 125. A 
connecting rod 127 is p'rvotably connected to the 
slide-piece 124 at one end thereof, and prvotably and 
excentrically fixed to a disk 129 rotated by a motor 
128 at the other end. Therefore, when the disk 129 
makes one revolution, the slide-piece 124 makes 
one reciprocal motion, and thus the push-plate 121 
pushes the back row of the sample vessels forward 
by one row and returns to the initial position. 
Needless to say, the stroke is determined by the 
position where said other end of the connecting rod 
127 is fixed to the disk 129. 

Thus, when the sample vessels in the initial 
second row begin to be sent out by the send-out 
device 30 and transfered by the holder 51, the disk 
108 is actuated and the rod 105 (push-piece 109) 
pushes the sample vessel standing at the rear end of 
the return passage 91 to the waiting position 
between the inlet port 95 and gate 25 and the the rod 
105 is retired by the continued motion of the disk 
108. Then, the cam disk 107 is actuated and the 
operation rod 98 moves so as to move the sample 
vessels marshalled in the return passage 91 rear- 
ward by one step corresponding to one vessel. Thus 
the front position of- the return passage 91 is made 
vacant to receive the next sample vessel returned 
from the stirring position. 

The above described cycle is repeated until all the 
sample v ssels are handled. 

The above-described device is usually in combina- 
tion with a stirring device. A pref rred stirring device 
is described in U.S. Patent 4,518,264. Here the 
device is illustrated In Fig. 3 as 130. The device 
comprises two rotating disks or rollers 131a and 


131b supported by a station board 135 associated by 
two idle cogged wheels 132a and 132b interposesd 
therebetween so that the two rollers rotate in the 
reverse direction. One of the rollers 131a is rotated 
5 by a rotating disk 1 36, which makes a circular motion 
per se, via a belt means. The station board 135 is 
slidable mounted on a rail 137 and linked with the 
rotating disk 136. Therefore, when the rotating disk 
136 makes the circular motion as rotating per se, the 
10 rollers 131a, 131b collectively make reciprocal 
motion as rotating per se in the reverse direction. 

When the motor .66 of the sample-transfering 
device 50 is actuated and the supporting rod 58 Is 
put forward, a sample vessel held in the holder 51 is 
15 placed between the two rollers. In this case, the 
motion of the supporting rod 58 is controlled so that 
the holder 51 is inserted between the two rollers 
when the station board 135, that is, the rollers 131a, 
131b, are in the neutral position and the insertion is 
20 not obstructed by the contact wtth the rollers. Once 
the holder 51 Is Inserted between the rollers 131a 
and 131b, the upper part ot the test tube held by the 
holder 51 undergoes contact by the two roller 
alternately. Thus the test tube is tilted around th 
25 pivot 53 by the contact with a roller in one orientation 
and rotated in one direction in one period and then 
tilted and rotated in the reverse orientation and 
direction at the next period. In this way, the sample is 
satisfactorily stirred. After the stirring device 130 is 
30 operated for a predetermined period of time, it is 
stopped. The device is controlled so that it stops at 
the neutral position. Than, the holder 51 is returned 
to the sample receiving position, where the sampling 
is carried out. 

35 The sampling device is illustrated in Fig. 8. The 
device comprises a pillar 201 secured to the base 
plate 9, two base boards 202 and 203 secured to the 
pillar 201 in a vertically spaced relation a motor 204 
mounted on the upper base board 202, a vertical 
40 screw shaft 205 rotatably supported by the base 
boards 202 and 203, a nut piece 206 which is 
engagedry mounted on the screw shaft 205, a 
vertical guide rod 207 which is secured to the base 
boards 201 and 203 and serves as a guide for the nut 

45 piece 206, a suction needle 208 secured to the nut 
piece 206, a holding block 209 which is secured to 
the lower base board 209 and supports and guides 
the suction needle 208 and a stopper means 212 
which is attached to the underside of the lower base 

50 board 203 and allows passage of the suction needle 
208 but prevents the Irfting of the test tube 211, the 
rubber stopper 210 of which is held by the suction 
needle 208 penetrating it. The upper part of the 
suction needle 208 is communicated to a suction 

55 means of an analysis apparatus by means of a 
flexible tubing although this Is not illustrated. Also 
the holding block 209 is provided wtth a tubing which 
supplies a liquid few washing the outside of the 
suction needle 208 and sucking the used washing 

60 liquid, both the liquid supplied from the analysis 
apparatus to wash the Inside of the needle and the 
liquid used to wash the outside. This sampling 
device is mounted on the supporting plate 11 so as 
to hang ov r the sample receiving position. 

65 The test tubes used In the present apparatus are 
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closed by a rubber stopper 210. When a sampl 
vessel is returned from the stirring device 130 to the 
sample receiving position, the suction needle 208 is 
lowered by the positive rotation of the motor 204 and 
pricks and penetrates the rubber stopper 211 so as 
to draw up the sample in the test tube 21 1 (12). After 
a predetermined amount of the sample in drawn out, 
the driving by the motor 204 is reversed and the 
suction needle 208 is withdrawn. At this time, the 
test tube is lifted by the suction needle 208 which 
holds the rubber stopper 210. However, the lifting of 
the test tube is prevented by the stopper means 212 
as mentioned above, and only the suction needle 
208 is withdrawn. 

After the sampling is finished, again the send-out 
device 30 operates to send out the empty sample 
vessel to the return passage 91 and the above 
described operation is continued. 

At the back row in the waiting station 20, a rod 300 
for preventing the test tubes from tumbling is 
inserted. The tumble- proof rod 300 is supported by 
a pair of guide rails 304, an idle roller 302 and a 
driving roller 301 , which is driven by a motor 303. The 
tumble-proof rod 300 is used only when sample 
vessels in the back row are forwarded in the 
direction of the gate 24. Usually the tumble-proof rod 
300 retires pushed by the sample vessels which are 
forwarded by the second sample forwarding device 
103, when the motor 303 freely rotates. 

In this way, when all the sample vessels in the first 
front row are treated, the second row proceeds to 
the front row and at this time the return passage is 
full of empty sample vessels. As the sample vessels 
in the second front row are handled one by one, the 
sample vessels marshalled in the return passage are 
returned to the vacant back row one by one. The 
operation is continued until all the sample vessels 
initially placed in the back row of the waiting station 
20 are returned to the original back row. However, 
the sample vessels whose treatment has finished 
are marshalled in the reversed order in a row. 

The sequential operation of the above described 
apparatus can be controlled by the known technique 
of sequence control or by microcomputer and 
therefore it is not necessary to describe this aspect 
in detail. 

The suction needle used in the apparatus of the 
present invention preferably has an opening or 
openings at the side thereof as shown in Figs. 9 and 
10. This will prevent clogging of the opening with 
rubber debris, which might be formed when the 
needle penetrates the rubber stopper, and intrusion 
of any contaminants into the needle. 

As described above, the automatic sampling 
apparatus of the present invention enables safe, 
rapid, accurate, systemmaticand well-ordered hand- 
ling of a number of stoppered sample vessesls with 
the stoppers retained. Therefore, contamination, 
deterioration, drying, etc. of the samples in the 
sample vessels during waiting for analysis is effec- 
tively prevented, and thus more accurate analysis is 
made possibl . Also, samples which are asily 
vaporizable, give off toxic gases, etc. can b 
handled, and diffusion of gases, scattering of 
samples are prevented. 


Claims 

5 

1. In an automatic sample supply apparatus 
which holds a plurality of sample vessels (12) in 
a waiting station (20) in a matrix pattern 
comprising a plurality of rows of sample 

10 vessels, sends out the sample vessels in the 

front row laterally one by one to a sampling 
station (200), returns the sample vessels which 
have finished the required treatment to the 
waiting station, and advances the sample 

15 vessels in the rearmost row in the waiting 

station collectively as a whole by one step one 
row at a time when all the sample vessels in the 
front row of the waiting station have been sent 
out, characterized by an improved apparatus 

20 wherein the sampling station (200) is provided 

with a suction needie (208) for sampling the 
sample in a sample vessel (12) which can 
penetrate a rubber stopper (210) secured to the 
sample vessels. 

25 2, The improved apparatus as claimed in 

claim 1, characterized in that the suctin needle 
(208) is provided with a stopper means which 
prevents lifting of the sample vessel the rubber 
stopper of which is held by the suction needle. 

30 3. The improved apparatus as claimed in 

claim 1 or 2, characterized in that the suction 
needle has suction hole or holes (208a) on the 
side thereof. 

4. The improved apparatus as claimed in 
35 claim 1, characterized in that it is combined 

with a device (1 50) for stirring the samples. 

5. Method for taking samples from sample 
vessels being closed by rubber stoppers, 
characterized in that the samples are taken by 

40 a suction needle (208) which can penetrate the 

rubber stoppers (210). 
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@ Automatic sampling apparatus. 

S) in an automatic sample supply apparatus which holds a 
Surdity of sample vessels (12) in a waiting station (20) in a 
matrix pattern comprising a plurality of rows of sample , vessete 
sends out the sample vessels In the front row laterally one by 
one to a sampling station (200). returns the sample vessels 
which have finished the required treatment to the waiting 
station, and advances the sample vessels in the rearmost row in 
the waiting station collectively as a whole by one step 
corresponding to one row when all the sample vessels in the 
front row of the waiting station have been sent out a suction 
needle for drawing up the sample in a sample vessel which can 
penetrate a rubber stopper secured to the sample vessels is 
employed. 
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